Abstract-We aimed to assess the associations between parental history of hypertension and indicators of cardiovascular risk (retinal vessel diameter, presence of obesity, and elevated blood pressure) in prepubertal children. There were 1739 (77.7% of those eligible) 6-year-old students (863 girls and 876 boys) who were examined from a random cluster sample of 34 Sydney schools. Parents completed questionnaires about their medical conditions, including whether they have/had hypertension. Retinal images were taken with a digital fundus camera, and retinal vessel caliber was quantified using computer software. Anthropometric (height, weight, percentage of body fat, and body mass index) and blood pressure measures were collected. There were 160 children (9.2%) with a positive parental history of hypertension (either biological mother and/or father Although it is clear that parental history has an overall impact on the hypertension risk profile of offspring, it is not known whether the effects of parental history are related to small vessel disease mechanisms. The retinal microvasculature is a microvascular bed that can be observed directly and noninvasively and, therefore, is a surrogate for the systemic microvasculature. 5, 6 Consistent evidence is mounting that small vessel disease plays an important role in the development of hypertension and cardiovascular disease (CVD). 5, 7, 8 Studies in both adult and child populations show that narrower retinal arteriolar caliber and wider venular caliber are associated with CVD risk factors, including obesity and elevated BP. 6,9 -11 Moreover, retinal microvascular changes in adults appear to be structural markers of the subclinical stage of CVD that signals future risk of hypertension and vascular events. 5, 7, 8 Investigating a possible relationship between parental history of hypertension and the retinal microvasculature in offspring could highlight previously unexplored pathways in future hypertension and CVD development during childhood. We aimed to address 2 key questions in this study of a community-based sample of 6-year old children. First, is parental hypertension associated with adverse microvascular changes indicated by narrower retinal arterioles and wider retinal venules? Second, is parental hypertension associated with an unhealthy cardiovascular risk profile, indicated by adiposity and elevated BP?
A positive parental history represents a major risk factor for future hypertension in normotensive offspring. 1, 2 In addition, there are epidemiological data showing that offspring of hypertensive parents are more likely to have higher systolic and diastolic blood pressures (BPs), to be heavier, and to have additional cardiovascular abnormalities, including reduced venous compliance and increased left ventricular mass index. 3, 4 Although it is clear that parental history has an overall impact on the hypertension risk profile of offspring, it is not known whether the effects of parental history are related to small vessel disease mechanisms. The retinal microvasculature is a microvascular bed that can be observed directly and noninvasively and, therefore, is a surrogate for the systemic microvasculature. 5, 6 Consistent evidence is mounting that small vessel disease plays an important role in the development of hypertension and cardiovascular disease (CVD). 5, 7, 8 Studies in both adult and child populations show that narrower retinal arteriolar caliber and wider venular caliber are associated with CVD risk factors, including obesity and elevated BP. 6,9 -11 Moreover, retinal microvascular changes in adults appear to be structural markers of the subclinical stage of CVD that signals future risk of hypertension and vascular events. 5, 7, 8 Investigating a possible relationship between parental history of hypertension and the retinal microvasculature in offspring could highlight previously unexplored pathways in future hypertension and CVD development during childhood. We aimed to address 2 key questions in this study of a community-based sample of 6-year old children. First, is parental hypertension associated with adverse microvascular changes indicated by narrower retinal arterioles and wider retinal venules? Second, is parental hypertension associated with an unhealthy cardiovascular risk profile, indicated by adiposity and elevated BP?
Methods

Study Population
The Sydney Childhood Eye Study is a population-based survey of eye conditions in school-aged children from year 1 and 6 who were living within the Sydney Metropolitan Area in Australia. It was approved by the University of Sydney Human Research Ethics Committee, the Department of Education and Training, and Catholic Education Office (New South Wales, Australia). 12 We obtained informed, written consent from Ն1 parent of each child, as well as verbal assent from every child before the examinations. There were no other specific inclusion and exclusion criteria for this study. Study methods have been described previously for year 1 students from a stratified random cluster sample of 34 primary schools across Sydney (mean age: 6.7 years). 12 
Parental Questionnaire
Parents were asked to complete a comprehensive 193-item questionnaire. Sociodemographic information covering ethnicity, country of birth, education, and parental age was included. Parents were asked to mark all of the medical conditions that the child's biological mother and father may have had or currently have, with hypertension being one of the conditions. The child was classified as having a positive parental history of hypertension if the parent marked hypertension for either or both biological mother and father.
Information about the child's birth (eg, birth weight) was sought. We asked parents to extract this information from their child's health record booklet ("Blue Book"), as reported elsewhere. 12 
Retinal Photography and Analysis
Children had 4 dilated, digital photographs taken including the optic disc and macula of each eye using a Canon 60UVID10 fundus camera (Canon Inc, Tokyo, Japan). Photos were mostly taken when the children were in a standing position, given the height of the children. Retinal vascular caliber measurements for the right eye of each child were used. Left eye measurements were used if the photographs of the right eye were ungradable. Grading of all of the photos was conducted in one center by the same grader, who was masked to participant characteristics and names of the schools from where the participants were recruited and who operated the computer program and monitored all of the retinal measurements. Fifty random retinal images were remeasured 2 weeks apart. Intraclass correlation coefficients were consistently Ͼ0.85 for arteriolar caliber and were Ͼ0.97 for venular caliber, which indicates good-to-excellent intragrader reproducibility. 13 Average retinal arteriolar and venular calibers were calculated using the Knudtson-Hubbard formula. 14 
Assessment of Adiposity and BP
Data were collected during a preorganized visit to each school. Each child's weight and body fat percentage (using leg-leg bioimpedance analysis) were measured using a Body Composition Analyzer (model TBF-300, Tanita, Tokyo, Japan). The midpoint between the lower rib border and iliac crest functioned as the standardized horizontal plane and was measured using a measuring tape to determine waist circumference in centimeters. Height was measured with shoes off using a freestanding SECA height rod (model 220, Hamburg, Germany). Weight in kilograms was measured using a standard portable weighing machine, after removing any heavy clothing. Body mass index (BMI) was calculated as weight divided by height squared (in kilograms per meter squared).
BP was measured on the school premises according to a standard protocol. 12 After 5 minutes resting, BP was measured in a seated position using an automated sphygmomanometer (HEM 907; Omron Healthcare Inc) with appropriate cuff size. We followed general recommendations on selecting cuff size to ensure that the bladder length was Ϸ80% and width was Ն40% of the arm circumference, covering the upper arm without obscuring the antecubital fossa. 15 We have used the same methodology to measure BP as published previously 16 ; this is a widely accepted method to measure BP in children from large community-based settings.
Three separate BP measurements were taken and averaged for analysis. Mean arterial BP was calculated as one third of the systolic plus two thirds of the diastolic BP.
Collection of Other Information
Axial length of the eye was measured before cycloplegia using an optical biometer (IOLMaster, Carl Zeiss Meditec, Oberkochen, Germany), using dual-beam partial coherence interferometry. 17 The average of 5 measurements was used for analysis.
Statistical Analysis
Statistical analyses were performed using SAS (version 9.1, SAS Institute, Cary, NC). We used mixed models to adjust for cluster sampling effects. Parental history of hypertension was an independent dichotomous variable (study factor), and retinal vascular caliber, BMI, waist circumference, and BP were the dependent continuous variables (study outcomes). Mean values of BMI, waist circumference, body fat percentage, BP, and retinal vessel caliber were compared between those with positive and negative parental histories and were adjusted for age, sex, ethnicity, parental education, height, birth weight, and BMI (for models assessing BP) or BP (for models assessing BMI, body fat percentage, and waist circumference). For models assessing retinal vessel caliber, further adjustment was made for: ethnicity, axial length, BMI, birth weight, and mean arterial BP (model 2), as well as for fellow retinal vessel caliber (model 3). We also tested for statistically significant interactions between parental history of hypertension and sex in relation to all of the study outcome variables by adding a product term in the final multivariable model. Significance level at PϽ0.05 was used.
Results
A positive parental history of hypertension was present in 160 children (9.2%). Six-year-old children with a positive versus negative parental history of hypertension were more likely to have higher BMI; body fat; and systolic, diastolic, and mean arterial BPs; as well as narrower retinal arteriolar and venular calibers (Table S1 , available in the online Data Supplement at http://hyper.ahajournals.org). Table 1 shows that children with a positive parental history, compared with those without, were more likely to have significantly higher BMI (16.8 versus 16.5 kg/m 2 ; multivariable-adjusted Pϭ0.04) and percentage of body fat (17.7% versus 16.5%; multivariable-adjusted Pϭ0.01). Parental history of hypertension was not associated with mean waist circumference (data not shown). After adjusting for age, sex, ethnicity, parental education level, BMI, and birth weight, a significantly higher level of systolic BP was observed among children with a positive parental history of hypertension (Pϭ0.01; Table 2 ).
After multivariable adjustment, significantly narrower retinal arterioles (Ϸ2.2 m; Pϭ0.02) were observed among children with a positive parental history compared with those with a negative parental history of hypertension (Table 3) . There was a marginally nonsignificant association between maternal hypertension and narrower retinal arterioles in children (Table 3) . Children with positive parental history of hypertension versus negative parental history had significantly narrower retinal venules (Ϸ3.8 m; age-sex adjusted Pϭ0.02). However, after further adjusting for ethnicity, axial length, BMI, mean arterial BP, birth weight, and retinal arteriolar caliber, children with a positive parental history of hypertension had nonsignificantly narrower mean retinal A significant interaction between parental history of hypertension and sex was detected for 2 study outcomes only, diastolic BP and retinal arteriolar caliber (P interaction ϭ0.02
and P interaction ϭ0.001, respectively). In subgroup analyses stratified by sex, we did not observe significant associations between parental history of hypertension with diastolic BP or with retinal arteriolar caliber among boys (data not shown). However, girls with a positive compared with those with a negative parental history of hypertension had significantly higher mean diastolic BP (Ϸ3.1 mm Hg; Pϭ0.01) and mean narrower retinal arterioles (Ϸ4.3 m; Pϭ0.0004; Table 4 ).
Discussion
We provide novel epidemiological evidence showing that 6-year-old girls with a positive parental history of hypertension were more likely to have unhealthy microvascular structural changes (evidenced by narrower retinal arterioles). Overall, children with positive parental history of hypertension were more likely to be heavier and have higher systolic BP. Our data suggest that both adverse macrovascular and microvascular changes may be present in offspring of hypertensive parents. A potential implication of our findings is that CVD preventive strategies, including healthy lifestyle and dietary approaches, should begin early in life.
The narrower retinal venules observed among children with positive parental history of hypertension could be attributed to the high correlation between arteriolar and venular caliber (correlation coefficient: 0.59). 18 Hence, there is a possibility of confounding by the fellow vessel when analyzing the 2 correlated vessel calibers in separate models. This could explain why the association with narrowed retinal venules became nonsignificant after further adjusting for retinal arteriolar caliber.
The underlying mechanisms linking parental history of hypertension and retinal arteriolar narrowing are beyond the scope of this epidemiological study. However, we offer several lines of hypotheses. The Framingham Offspring Study (nϭ1029) demonstrated a significant association between parental hypertension and higher serum C-reactive protein concentration in normotensive offspring (15% increase per parent with hypertension; Pϭ0.004). 1 C-reactive protein reduces the expression and bioactivity of the endothelial NO synthase, and decreased levels of NO could lead to NO-dependent endothelial dysfunction and impaired endothelium-dependent vasodilatation. 19 Hence, retinal arteriolar narrowing observed in children with a positive parental history of hypertension could reflect structural microvascular changes and pathophysiological processes related to endothelial function. 20 Moreover, Solini et al 21 demonstrated that positive family history of hypertension was associated with raised P-selectin levels in otherwise young healthy, normotensive offspring. There is evidence of endothelium-dependent arteriolar dysfunction occurring primarily via a pathway associated with P-selectin-mediated leukocyte and platelet adhesion, and, hence, this could partly account for our observation. 22 Finally, genetic factors could mediate the relationship between a positive parental history of hypertension and narrower retinal arterioles. Recently, it was shown that genetic factors contribute substantially to the variation in retinal vascular caliber, 23 implying that the retinal microvasculature could be an important heritable intermediate phenotype indicative of in- creased susceptibility of developing hypertension among offspring of hypertensive parents.
The degree of arteriolar narrowing (Ϸ2 m) observed among children with a positive parental history is relatively similar to the arteriolar caliber narrowing of 1.43 to 2.08 m with each 10-mm Hg increase in systolic BP 16 and the 2.2-m narrowing with increasing BMI, 24 observed previously in this sample of 6-year-old children. These findings emphasize that the pattern and magnitude of associations of CVD risk factors with adverse microvascular structural changes are relatively consistent, although the difference in retinal arteriolar caliber between children with and without a positive history was modest. However, even such small reductions in retinal arteriolar caliber can be associated with moderate changes in blood pressure, for example, each 10-mm Hg increase in systolic blood pressure was associated with a 1.1-m reduction in arteriolar caliber. 25, 26 Long-term follow-up of this and other childhood cohorts will provide additional insights into the clinical significance of our observations. Data from our study show that as early as prepuberty, signs of CVD risk are detectable in offspring of hypertensive parents. A similar 1-to 2-kg/m 2 or -mm Hg difference in BMI and systolic BP, respectively, was observed both in our study and in other previous childhood studies. 4, 27 The observed CVD risk aggregation among hypertensive families may reflect genetic, shared environmental influences or an interplay of the two. 28 Familial cross-trait correlations carried out in the Quebec Family Study 29 showed that genetic factors were involved in the regulation of obesity-related and BP traits. 30 In addition, cultural, social, and physical environments are often shared among members of a family, and some of these factors (eg, high dietary intake of salt) could further increase a child's tendency to become hypertensive. 31 More work will be needed to understand how gene-gene and gene-environment interactions contribute to the familial aggregation of CVD risk.
It has been suggested previously that associations with parental history of hypertension should be examined separately by sex of both the child and the parent. 27 Our sex subgroup analyses demonstrated strong associations between parental history of hypertension with diastolic BP and narrower retinal arterioles among girls but not boys. This is in line with previous data showing that parental hypertension predicted hypertension in female offspring only. 32, 33 The underlying reason for the strong sex difference in relation to retinal arteriolar narrowing is unclear. We can only note that previously it was hypothesized that women are more susceptible to microvascular disease development than men 34 and that retinal arteriolar narrowing was related to increased risk of coronary heart disease in women but not men. 35 It could also be attributed to influences from unrecognized lifestyle (eg, dietary intake) and/or other biochemical parameters (eg, fasting lipids) that were not able to be accounted for in our analyses. Alternatively, the significant findings among girls could be because of chance and require confirmation by other studies.
We did not observe any differences between the influence of maternal or paternal hypertension on offspring adiposity, BP, or retinal vascular caliber. Previous studies have reported conflicting findings, with some showing significant associations with paternal hypertension only 36 and others with only maternal hypertension. 32 Additional research is required to evaluate the influence of the sexes of the individual's hypertensive parents on CVD risk.
Strengths of this study include its random cluster sample of a large number of representative school children and use of standardized protocols to measure BP, adiposity, and retinal vascular caliber. A potential limitation is that parental history of hypertension was self-reported and not validated. However, self-reported family history is used in routine clinical practice, hence, ensuring that the current findings can be better generalized to the clinical setting. 31, 37 In addition, 3% and 5% of the sample were unsure as to whether the biological mother or father had hypertension, respectively, because we classified unknown responses as a negative history, and this tendency could bias our results toward the null. Also, given that the current study involved young children, the parents may also be too young to have clinical manifestations of hypertension, and this could have led to an underestimation of the association with parental history of hypertension. Third, the study provides no temporal information on the associations, although the most likely direction of the relationship is that a positive parental history is related to adiposity, BP, and changes in retinal vessel caliber of the child. Fourth, we did not validate the oscillometric device on a regular basis. Although protocols for validation exist, the validation process itself is difficult; hence, this is a potential limitation. We also cannot exclude the possibility of residual confounding; however, these healthy, prepubertal children are largely free of known systemic CVD, and, thus, findings are not likely to be subject to confounding by CVD risk factors. In addition, the present study was primarily a survey of eye disease in children, and the study did not collect exhaustive data on parental BP measures and their current use of antihypertensive medication. Finally, we did not collect blood samples from our study sample; therefore, data on biomarkers, for example, blood lipids and inflammatory markers are lacking.
Perspectives
Our study provides novel findings that female offspring with a positive parental history of hypertension already have indicators of microvascular disease, including narrower retinal arterioles, and prepubertal children in general, have higher BMI, body fat, and BP. Our findings suggest that CVD preventive strategies, including healthy lifestyle and dietary approaches, should potentially commence early in life, particularly for the offspring of hypertensive parents. 
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